The purpose of this study was to examine the relationship of meeting the recommended levels of physical activity (PA) with health status and preventive health behavior in adults.
INTRODUCTION
As of 2014, seven of the 10 leading causes of death in the US were chronic diseases (heart disease, cancers, chronic lower respiratory diseases, cerebrovascular diseases, Alzheimer disease, diabetes mellitus, and influenza and pneumonia) [1] . Health risk behaviors are actions or inactions that increase an individual's risk for health problems such as chronic disease and consist of behaviors such as poor nutrition, tobacco use, alcohol abuse, and physical inactivity [2] .
Physical activity (PA) is a health behavior for which strong evidence supports its protective effect against chronic diseases, as well as many risk factors for chronic disease, such as obesity, hypertension, dyslipidemia, and depression [3] . Current guidelines for PA recommend the accumulation of 150 minutes or more of moderate-intensity (or vigorous-intensity equivalent) aerobic physical activity each week [4] . The Healthy People 2020 objective regarding this guideline is to increase the percent of adults who meet this recommendation to 47.9% from the baseline of 43.5% [5] .
Since the current PA guidelines were established, many researchers have attempted to study the relationship between meeting these guidelines and health outcomes. In one prospective study of osteoarthritic participants who wore accelerometers to objectively measure PA, quality-adjusted life-years were shown to be significantly greater among those meeting the PA guidelines than in their inactive counterparts [6] . A cross-sectional study of US adults, using self-reported PA, showed that adults residing in rural counties meeting recommended PA guidelines were more likely to report good healthrelated quality of life (HRQoL) than their counterparts who did not meet the PA guidelines [7] . Specifically, that study showed that rural adults accumulating at least 150 minutes of moderate-intensity PA were more likely to report good general health, physical health, mental health, and inactivity health. While some studies have shown the health benefits of meeting this specific PA guideline, less is known about its relationship with health status and preventive health behaviors in a state-based adult population.
Although a large percentage of adults meet the national PA objectives, with approximately 50% of adults getting 150 minutes or more of aerobic PA per week, it is unclear whether meeting these guidelines corresponds to improved health status or positive health behaviors [8] . Therefore, the purpose of this study was to examine the relationships between meeting the recommended levels of PA (150 minutes or more of moderate-intensity PA) and health status and preventive health behavior in adults.
METHODS

Survey Design and Data
Data for this study came from the Idaho Behavioral Risk Factor Surveillance System (BRFSS). The BRFSS is a state-based and territory-based survey administered through the Population Health Surveillance Branch of the Centers for Disease Control and Prevention (CDC) [9] . The purpose of the BRFSS is to collect state-based data on health risk and preventive behaviors associated with the leading causes of premature death and disability in the US. The health factors considered in the survey are alcohol and tobacco use, health care access, human immunodeficiency virus prevention, perceived health, health status, sleep quality, hypertension and cholesterol awareness, diet, arthritis burden, immunization, seatbelt use, and exercise behavior. BRFSS data collection relies on telephone-based surveys. As of 2011, both landlines and cellular phone lines were included. The 2013 survey year was used in this study because it was the most recent survey with appropriate questions for assessing adherence to the PA guidelines. A total of 5630 adults completed the 2013 survey and were included in the initial analysis.
Measures
PA was assessed based on responses to a series of survey questions regarding PA behavior during the previous 30 days [10] . The first step included estimating maximal oxygen consumption (VO2max) and maximal metabolic equivalent (METmax) for each participant using age-predicted formulas for men (VO2max =[60-0.55* age in years]) and women (VO2max =[48-0.37* age in years]). Dividing the derived VO2max values by 3.5 for each participant yielded a measure of METmax. The second step included creating MET cutoffs for moderate-intensity and vigorous-intensity PA. This involved multiplying the METmax values from step 1 by 0.60 (60%) to determine a vigorous-intensity threshold. Activities above this MET threshold were considered vigorous in intensity. Activities with MET values between three and the vigorous-intensity threshold were then considered moderate in intensity. The third step involved classifying each respondent's reported activity as vigorous, moderate, or neither. This step required matching the reported activities to activities contained in the 2011 Compendium of Physical Activities [11] . After the intensity coding, activities were then combined with the reported frequency (number of days) and duration (minutes that each activity lasted) for each activity to form a combined value of minutes of moderate PA (vigorous-intensity minutes were doubled to convert to a common moderate-intensity minutes scale). The final step was then to classify each participant as either meeting the PA guidelines or not meeting the guidelines. Those with at least 150 minutes of moderate PA per week were considered to have met the PA guidelines. PA status was a dichotomous variable indicating meeting the PA guidelines.
Health status was assessed in this study based on responses to questions asking about specific health conditions. Measures of high blood pressure, high cholesterol, diabetes, chronic obstructive pulmonary disease (COPD), heart attack, stroke, arthritis, asthma, and depression were obtained from questions that asked the participant if a doctor, nurse, or health professional told them they had the condition [12] . Overweight status was derived from self-reported height and weight and the calculation of body mass index (BMI). Respondents with BMIs greater than or equal to 25 kg/m 2 were considered overweight, and those with a BMI less than 25 kg/m 2 were considered not to be overweight [13] . As secondary indicators of health status, HRQoL was included and assessed by five different measures: general health, physical health, mental health, inactivity health, and healthy days [14] . General health was assessed using a single item asking participants to rate their own general health. Response options included "excellent," "very good, " "good, " "fair, " and "poor. " Those reporting "excellent, " "very good, " or "good" general health were considered to have good general health. Those reporting "fair" or "poor" general health were considered to have poor general health. Physical and mental health measures were assessed using questions asking respondents to report the number of days (out of the previous 30 days) that their physical (or mental) health was not good. Those reporting 13 days or less were considered to have exhibited good physical (or mental) health [14] . Inactivity health was assessed using a question that specifically asked for the number of days (out of the previous 30 days) that poor physical or mental health kept them from their usual activities (self-care, work, or recreation). Those reporting 13 days or fewer were considered active in terms of health and therefore exhibited good inactivity health. Finally, a healthy days index was computed to represent the number of healthy (physical and mental) days out of the previous 30. Those reporting 13 days or fewer were considered to have exhibited good HRQoL. All health status variables were dichotomized to indicate good health status.
Health behavior was assessed in this study based on responses to questions concerning either health risk activities or health protective activities [15] . Seatbelt use was assessed using a question asking participants how often they used seatbelts when they drove or rode in a car. Respondents answering "always" were considered to have engaged in preventive health behavior. Vegetable and fruit consumption was assessed similarly, using questions asking participants how often they ate vegetables (and fruit) in the past month. Participants responded in optional units of either per day, per week, or per month. Respondents averaging at least one serving of vegetable (and fruit) per day were considered to have engaged in preventive health behavior. Heavy alcohol consumption was assessed using an initial question asking participants how many days (out of the previous 30) per week or month they drank any alcoholic beverages, followed by a question asking how many drinks on average they consumed on those days. Participants reporting the consumption of two drinks or fewer (for males) or one drink or fewer (for females) per day were considered to have engaged in preventive health behavior. Binge-drinking behavior was assessed using a question asking participants how many times in the past 30 days they drank five or more (for males) or four or more (for females) drinks on a single occasion. Respondents reporting never having engaged in binge drinking in the past 30 days were considered to have engaged in preventive health behavior. Current smoking status was assessed using a question asking participants if they smoke cigarettes every day, some days, formerly, or not at all. Respondents reporting "formerly" or "not at all" to that question were considered to have engaged in preventive health behavior. The final health behavior, having health insurance, was assessed using a question asking participants if they had any kind of health care coverage. Respondents reporting "yes" to that question were considered to have engaged in preventive health behavior. All health behavior variables were dichotomized to indicate preventive health behavior.
Control variables were used in this study both to describe the sample and to control for their confounding effects. Age (18-24, 25-34, 35-44, 45-54, 55-64, or 65+ years), sex (male or female), race (white, black, Hispanic, multicultural, or other), education (less than high school, high school graduate, some college, or college graduate), income (<15 000; 15 000-24 999; 25 000-34 999; 35 000-49 999; or ≥50 000 USD), and marital status (married or not married) were used to describe the sample.
Statistical Analysis
Prevalence estimates (%) and 95% confidence intervals (CIs) were computed for PA status across demographic categories and HRQoL measures with associated Rao-Scott chi-square statistics [16] . Odds ratios (ORs) and 95% CIs were computed from logistic and multiple logistic regression using the health measures (HRQoL, health status, preventive health behavior) as dependent variables and PA status as the primary independent variable [17] . ORs were computed across BMI categories using logistic regression and the Cochran-Armitage test of trend [18] . The fully adjusted logistic regression model included age, sex, race, education, income, and marital status. SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) survey procedures and SPSS version 24 (IBM Corp., Armonk, NY, USA) complex samples were used for all analyses [19, 20] .
RESULTS
Of the 5630 participants included in the initial analysis, 5078 had complete PA data, with 53.9% (95% CI, 51.9 to 55.9%) meeting the PA guidelines and 46.1% (95% CI, 44.1 to 48.2%) not meeting the guidelines. No differences according to sex or marital status were seen in the prevalence of meeting the PA guidelines (Table 1) . However, significant differences in prevalence across groups of age, race, education, and income were seen (p<0.05 for all). HRQoL was significantly related to meeting the PA guidelines ( Values are presented as odds ratio (95% confidence interval). 1 The cutoff for meeting the PA guidelines was 150 minutes or more of moderate-intensity PA (or the vigorous equivalent thereof). p-values were determined using the Rao-Scott chi-square statistic. Figure 1 displays the ORs for meeting the PA guidelines across the BMI categories of normal-weight, overweight, and Values are presented as odds ratio (95% confidence interval). The comparison group was those who did not meet the recommended levels of PA. HRQoL, health-related quality of life; PA, physical activity; COPD, chronic obstructive pulmonary disease. 1 Fully adjusted logistic regression models controlled for age, sex, race, education, income, and marital status. Due to a quasi-complete separation of data points, race was dichotomized to white vs. other in this model only. All health status variables (except overweight) were assessed from answers to questions asking participants if a health professional ever told them that they had the condition in question. Represents a significant OR compared to the reference group. obese adults. Overall, normal weight (OR, 1.65; 95% CI, 1.34 to 2.04) and overweight (OR, 1.26; 95% CI, 1.03 to 1.55) adults were significantly more likely to report meeting the PA guidelines than obese adults. The overall ORs showed a significant linear trend (p<0.001). When stratified by age group, the youngest age group (18 to 44 years) showed neither a significant increase in odds for either BMI category nor a significant trend in ORs. However, the middle-age group (45 to 64 years) showed significantly greater odds of reporting meeting the PA guidelines in normal-weight (OR, 2.50; 95% CI, 1.79 to 3.50) and overweight adults (OR, 1.60; 95% CI, 1.16 to 2.20) than in obese adults. As well, in the older-age group (≥65 years), normal-weight (OR, 2.07; 95% CI, 1.50 to 2.94) and overweight (OR, 2.20; 95% CI, 1.56 to 3.10) adults were significantly more likely to report meeting the PA guidelines than obese adults. Both the middle-age and older-age groups showed a significant linear trend in ORs (p<0.001).
DISCUSSION
The purpose of this study was to examine the relationship between meeting the recommended levels of PA and health status and preventive health behavior in adults. The results of this study clearly showed that meeting the PA guidelines was related to good health status in adults. After considering age, sex, race, education, income, and marital status, adults who met these guidelines were more likely to report positive health concerning cholesterol, diabetes, COPD, arthritis, asthma, depression, and overweight. These findings are consistent with those of other studies. For example, a prospective study examined the relationship between accelerometer-determined PA and high-density lipoprotein (HDL) cholesterol [21] . After adjusting for potential confounders, results from this study clearly showed that participants who engaged in greater amounts of PA (step/d) had significantly higher HDL levels. Similarly, a meta-analysis of nine prospective studies examined the combined and independent effects of PA and BMI on the development of type 2 diabetes [22] . The results of this analysis showed that the combined effects of being normal weight and having high PA were significantly related with a decreased risk of developing type 2 diabetes. Furthermore, participants who were obese and had low levels of PA were over seven times more likely to develop type 2 diabetes.
To our surprise, we found that meeting the PA guidelines was not related to positive health status concerning blood pressure, heart disease, or stroke. This paradoxical finding may in part be due to the relatively small number of participants reporting a heart attack or stroke. The effect sizes on the ORs were large (>1.31) across all models for both heart attack and stroke indicators; however, the small sample size limited the power of these models [23] .
When considering HRQoL as a secondary indicator of health status, however, meeting PA guidelines was related to all such measures (general health, physical health, mental health, inactivity health, and healthy days). These findings are also consistent with contemporary research outcomes. For instance, a large study of over 5000 patients enrolled in a dialysis study examined the prospective effects of PA (measured as five different levels from never to very active) on HRQoL (measured with the Kidney Disease Quality of Life Scale) [24] . Using linear regression, researchers reported a significant positive relationship between PA and HRQoL in that study population.
The results of this study also showed that meeting the PA guidelines was positively related to preventive health behavior in adults. After considering the confounding variables, meeting the PA guidelines was related to preventive behavior concerning vegetable consumption, fruit consumption, cigarette smoking, and health insurance. These results are also consistent with currently published findings. For example, a large population-level study of US adults examined the relationship between accelerometer-determined PA and healthy diet behavior. That study found that moderate-to-vigorous PA was significantly and directly related to the consumption of fruits (apples, grapes, strawberries, and oranges) and vegeta-bles (greens, carrots, and peppers) [25] . Our study findings, however, showed that meeting the PA guidelines was not related to preventive health behavior concerning seatbelt use, heavy alcohol consumption, or binge drinking.
This study has limitations associated with its findings. One limitation of this study is its cross-sectional research design. Cross-sectional designs are limited to correlational inferences, as opposed to cause-and-effect findings that can be identified using experimental designs. Regardless of this limitation, the findings of this study are consistent with those of other crosssectional studies. For example, a large nationwide study of college students found that meeting the PA guidelines was related to fruit and vegetable consumption, perceived general health, healthy BMI, and not smoking cigarettes [26] .
Another limitation of this study is that the data were collected via telephone. The limitation to this aspect of the design is that certain segments of the population may be less likely to have access to a telephone. These subpopulations may also be less likely to be physically active, more likely to be of poor health status, and less likely to engage in preventive health behavior. However, there is reason to speculate that including more respondents from such segments would only increase the strength of the relationships we observed. A final limitation of this study is the use of self-reported assessments of PA, health status, and health behavior. Although these limitations are valid, it stands to reason that the use of five different measures of HRQoL, 10 measures of health status, and seven measures of health behavior would provide a certain degree of confidence that the findings in this study are robust with regard to such limitations.
This study has several strengths. One strength of this study is that it was based on a large statewide survey that was representative of all adults. Many studies examining the relationships between PA and other health measures have not utilized large representative samples, and this fact strengthens our generalizations. A second strength of this study is that it was capable of quantifying the amounts of PA that participants engaged in to determine if they met the current guidelines of 150 minutes or more of moderate-intensity PA per week. By doing so, we were able to examine the relationship of PA with health status and health behavior more specifically in terms of meeting the current PA guidelines.
In summary, the present study found that meeting the current recommended guidelines for PA had a positive relationship with both good health status and preventive health behavior in adults. Health promotion programs should focus on strategies that help adults meet the current guidelines of at least 150 minutes per week of moderate-intensity (or vigorous-intensity equivalent) PA.
